The growing number of Alzheimer's disease (AD) patients prompted us to seek effective natural resources for the prevention of AD. We focused on the inhibition of β-secretase, which is known to catalyze the production of senile plaque. Sixteen spices used in Asian countries were selected for the screening. Among the extracts tested, hexane extracts obtained from turmeric, cardamom, long pepper, cinnamon, Sichuan pepper, betel, white turmeric and aromatic ginger showed potent inhibitory activities. Their active principles were identified as sesquiterpenoids, monoterpenoids, fatty acid derivatives and phenylpropanoids using GC-MS analyses. The chemical structures and IC 50 values of the compounds are disclosed. The results suggest that long-term consumption of aromatic compounds from spices could be effective in the prevention of AD.
Dementia is known as an acquired impairment of memory. Among the various classifications of dementia, Alzheimer's disease (AD) has been recognized as a very common type and the number of patients worldwide has increased significantly in the last 20 years. AD originates from the formation of senile plaque in the amygdaloid body, hippocampus, and cerebral cortex. The plaque is known to be derived from amyloid precursor protein with secretases and to destroy the neuronal cells around the pigmentation. Among the various secretases involved in the formation of senile plaque, an asparagic protease called β-secretase has attracted much attention as a promising treatment target for the prevention and treatment of AD [1] . Although extensive studies on the discovery of β-secretase have been performed, the inhibitors were mostly found to be either peptides or peptide-mimicking compounds, which can be easily degraded and also seem to be ineffective against AD [2] . In these circumstances, the search for stable and drug-like inhibitors of βsecretase is needed and some reports have already been presented [3] .
In our research program searching for novel functional materials from natural plant resources, we focused on spices as a screening resource. Spices have been consumed all over the world for a long time, primarily to add to the flavor and aroma of foods. The most advantageous point of spices is that their safety can be guaranteed by our existing experience from their long-term consumption. From this point of view, spices are a suitable remedy for the prevention of AD as they can be administered continuously from youth, when the pigmentation is said to start. In our previous report, we focused on curry spices and the effectiveness of the low polar extract from turmeric (rhizome of Curcuma longa), black pepper (fruit of Piper nigrum), and curry leaf (leaf of Murraya koenigii) on β-secretase, and their active principles including curcuminoids, piperine and caryophyllenes were disclosed [4] .
In this report, the screening resource was extended to popular spices used in Asian countries including India and Southeast Asia. We screened 16 spices, i.e. blue ginger (rhizome of Alpinia galanga, AG), wild turmeric (rhizome of Curcuma aromatica, CA), cinnamon (cortex of Cinnamomum zeylanicum, CI), saffron crocus (stigma of Crocus sativus, CS), white turmeric (rhizome of Curcuma zedoaria, CZ), cardamom (seed of Elettaria cardamomum, EC), aromatic ginger (rhizome of Kaempferia galanga, KG), betel (leaf of Piper betle, PB), long pepper (fruit of Piper longum, PL), clove (bud of Syzygium aromaticum, SA), sesame (seed of Sesamum indicum, SI), fenugreek (seed of Trigonella foenum-graecum, TF), Sichuan pepper (pericarp of Zanthoxylum bungeanum, ZB), ginger (rhizome of Zingiber officinale, ZO), and bitter ginger (rhizome of Zingiber zerumbet, ZZ) along with turmeric (rhizome of Curcuma longa, CL), for which the ethyl acetate (EtOAc) fraction has already been characterized. Their n-hexane, EtOAc and methanol (MeOH) extracts were tested for inhibitory activities. Furthermore, some of their active principles were identified by GC-MS analyses.
Inhibitory activities of spice extracts against β-secretase:
The n-hexane, EtOAc and MeOH extracts obtained from spices were tested for β-secretase inhibitory activities and data are shown in Figs 1, 2 and 3, respectively. Among the n-hexane extracts tested, CL showed the most potent activity with 82.5% inhibition at 250 μg/mL. EC, PL, CI, ZB, PB, CZ, and KG, at the same concentration, showed relatively high activity of 75.3, 71.7, 57.1, 56.6, 56.3, 54.1, and 54 .0%, respectively ( Figure 1 ).
The EtOAc extract of CL showed the most potent inhibitory activity, 70.8% at 250 μg/mL, among the EtOAc extracts of the spices. In addition, PL, CI, EC, TF, and ZB, at the same concentration, showed relatively high activity of 61. 1, 60.4, 56.3, 50.7, and 42 .1%, respectively ( Figure 2 ).
In the methanol extracts, EC showed the most potent inhibitory activity of 38.3% at 250 μg/mL, while the other extracts showed less than 35% inhibition ( Figure 3 ).
These results showed that the low polar molecules contained in these spices might be dominant for β-secretase inhibition. In addition, the n-hexane extract might contain most of the volatile and small molecules, i.e. mono-and di-terpenes, and/or phenylpropanoids. These compounds tend to have typical flavors and aromas, which represent the characteristic features of spices. Furthermore, volatile and small molecules can be easily adsorbed through the mucosa of the nose and pass through the brain-blood-NPC Natural Product Communications 2016 Vol. 11 No. 4 507 -510 barrier to reach the point at which plaque formation takes place. This suggests that the molecules would be an effective agent for the prevention of AD. From these considerations, we focused on n-hexane and EtOAc extracts for the investigation of the active principles.
Active principles of CL n-hexane extract: For investigation of the active principles contained in a n-hexane extract, conventional liquid chromatography using either SiO 2 or reversed phase may be unsuccessful due to their weak and strong, respectively, absorption of low polar compounds. Thus, we introduced GC/MS for the identification of the n-hexane extract contents using their volatile characters. The GC-MS analysis of the CL n-hexane extract showed 30.4% of α-turmerone (1), 11.5% of β-turmerone (2), and 9.9% of ar-turmerone (3) as main components. These compounds were isolated and their activities determined. The IC 50 values against β-secretase of 1, 2, and 3 were 39, 62, and 92 μM, respectively ( Table 1 ).
The inhibitory activity of CL n-hexane extract was reported in our previous paper, which showed that the inhibitory activity of the extract was only around 50% at 250 μg/mL. This result shows that the active principles should be volatile compounds, in which the content may change due to the slight change in the preparation procedure. We already showed the potent activities of curcuminoids (IC 50 : 560~630 μM), which were isolated from the EtOAc extract. Due to the low polarity and high potency of turmerones, they are likely to be better compounds than curcuminoids for stronger βsecretase inhibition.
Active principles of EC n-hexane extract: From GC/MS analyses, the main components of the n-hexane extract from EC were identified as 53.7% of α-terpinyl acetate (4), and 5.3% of linalyl acetate (5) , and their IC 50 values were 470 and 407 μM, respectively ( Table 1) .
Active principles of PL n-hexane extract:
The main components of the n-hexane extract of PL were identified as 4.5% of βcaryophyllene, 3.7% of n-pentadecane, 2.4% of β-bis-abolene, and 1.2% of β-caryophyllene oxide. Although the inhibitory activities of caryophyllenes are already reported, that can hardly explain the activity of the crude extract. In addition, these compounds only account for 12% of the extract, which suggests that there are some non-volatile compounds that may be undetectable by GC/MS. The activity-guided fractionation led us to isolate pipataline (6) and pellitorine. The IC 50 value of 6 was 304 μM ( Table 1 ). The activity of pellitorine was too low to determine the IC 50 value as it showed only 20.0% inhibition at 5.0 mM.
Active principles of CI n-hexane extract:
The main component of the n-hexane extract of CI was 31.9% of cinnamaldehyde (7). The IC 50 of 7 was 947 μM ( Table 1 ). The activity of the compound was low. However, from the amount and the activity of the compound, the activity of the crude extract may be explained by 7 only. The CI extract was reported to possess acetylcholinesterase inhibitory activity, another well-known target for the treatment of AD. The CI extract may be a promising remedy for AD.
Active principles of ZB n-hexane extract: The main components of ZB were identified as 14.8% of sabinene, 11.0% of β-phellandrene, 6.1% of d-limonene, and 3.6% of piperitone from GC/MS analyses. The IC 50 value of sabinene was determined as 2000 μM (Table 1) . Other compounds may have been responsible for the activity of the n-hexane extract. However, the evaluation of IC 50 was unsuccessful due to a lack of compounds. Thus, the inhibitory activities of extracts obtained from various spices were elucidated and their active principles were also revealed. The low polar extracts were the more potent. This suggests that low polar compounds may be good candidates for the prevention and treatment of AD. The onset of AD is said to take a few decades from the formation of senile plaque. From this point of view, preventive treatment would be effective for improvement in the "quality of life" of the future patient. These facts can lead to the conclusion that the continuous use of spices by heating with oil and producing aromas would be a good remedy for preventing AD. This means that adding a spice to food, which is quite a common and simple eating habit, may be effective in the prevention of AD.
Despite the recognition of β-secretase as a promising target for AD, the screening of the extract from natural plant resources has been limited to a few reports. In addition, the screening studies were performed extensively with peptidic compounds and reports of inhibitors with low molecular weight are rare. This report can add to the entry of low molecular compounds and provide insight to the lead compounds for β-secretase inhibitors. In this report, we have successfully disclosed fatty acid derivatives, monoterpenes, sesquiterpenes and phenylpropanoids as inhibitors of β-secretase. Their structures vary in many aspects that, at this time, cannot lead to a single conclusion. The research for the discovery of inhibitors with small molecular weights should be continued for the discovery of promising candidates.
Experimental
Plant materials and reagents: Cinnamon, turmeric, clove, fenugreek, cardamom, ginger, wild turmeric, Sichuan pepper, sesame, betel, long pepper, white turmeric, saffron crocus, bitter ginger, aromatic ginger, and blue ginger were provided by INABATA KORYO CO., LTD. The voucher specimens were deposited at the Faculty of Pharmacy at Kinki University.
The reagents used in this study were pure grade. Substrate for βsecretase, Lys-Thr-Glu-Glu-Ile-Ser-Glu-Val-Asn-Sta-Val-Ala-Glu-Phe (Sta: (3S,4S)-4-amino-3-hydroxy-6-methylheptanoic acid), was purchased from Peptide Institute (Osaka, Japan). All other reagents were purchased from Wako Pure Chemical Industries (Osaka, Japan), Sigma Aldrich (St. Louis, MI) and Nacalai Tesque (Kyoto, Japan).
Extraction of spices:
Spice samples were pulverized and soaked in 5 volumes/weight of n-hexane for 1 h at 40˚C. The suspension was filtered and the residue was again soaked in the same volume of n-hexane for 30 min. at 40˚C. 510 Natural Product Communications Vol. 11 (4) 2016 Matsumura et al.
The suspension was filtered and the filtrates were combined and evaporated under reduced pressure to obtain the n-hexane extract. The residue of the n-hexane extract was dried at room temperature and extracted with EtOAc in the same manner as in the case of n-hexane to obtain the EtOAc extract. MeOH extraction was performed in the same manner to obtain the MeOH extract. The yields of the extracts are shown in Table 2 . Inhibitory assay against β-secretase: The inhibitory assay against β-secretase was performed according to the method reported previously [4] . β-Secretase inhibitor (Lys-Thr-Glu-Glu-Ile-Ser-Glu-Val-Asn-Sta-Val-Ala-Glu-Phe, 2 µM) was used as a reference compound.
GC/MS analyses of n-hexane extracts:
Contents of n-hexane extracts were analyzed by GC/MS. The conditions were: column: Inertcap Pure Wax (0.25 i.d. × 60000 mm, GL Science, Tokyo, Japan); carrier gas: helium (1.2 mL/min.); vaporization temperature: 250˚C; temperature control: held at 50˚C for 2 min. and raised to 240˚C at 2.5˚C/min; detection: FID; injection volume: headspace vial, 1.0 μL. The results were searched on databases (Wiley 7 th and NIST08) for the retention times and mass numbers to find known compounds. The concentration was deduced from surface area % obtained from the FID signal.
Purification of turmerones from CL n-hexane extract:
The CL n-hexane extract was subjected to preparative HPLC under these conditions: Column: L-column ODS (20 i.d. × 250 mm, Chemicals Evaluation and Research Institute, Tokyo, Japan); mobile phase: water/acetonitrile (20 : 80, v/v); flow rate: 18.9 mL/min; detection: UV 190 and 243 nm. The yields from the extract of 1, 2, and 3 were 3.1, 2.9, and 0.8%, respectively. Their structures were determined from NMR and mass spectra by comparison with a previous report [5] .
Purification of pipataline and pellitorine from PL n-hexane extract:
The purification was performed according to Figure 4 . The n-hexane extract of PL (5.0 g) was subjected to SiO 2 column chromatography (No. 107734 silica gel 60, Merck, 50 i.d. x 500 mm) with n-hexane, n-hexane/EtOAc (20 : 1, v/v), n-hexane/EtOAc (10 : 1, v/v), hexane/EtOAc (5 : 1, v/v), hexane/EtOAc (2 : 1, v/v), and EtOAc (1000 mL each). The active fractions were combined into 2 fractions. The n-hexane/EtOAc (20:1) (0.29 g), n-hexane/EtOAc (10:1) (0.95 g) and n-hexane/EtOAc (5:1) fractions (0.15 g) were combined as Fr. 1, and the n-hexane:EtOAc (2:1) (0.44 g), and EtOAc fractions (0.91 g) were combined as Fr. 2. These 2 fractions were subjected to preparative HPLC under the conditions shown as follows: column: YMC-Pack ODS-AM323 (10 i.d. × 250 mm, YMC, Kyoto, Japan); mobile phase: water/acetonitrile (1 : 1, v/v) to acetonitrile in 15 min. and held until 20 min; column temperature: 40˚C; flow rate: 1.0 mL/min; detection: UV 260 nm.
Pipataline and pellitorine were obtained from Fr. 1 and 2, respectively, as white amorphous powders. The structures were confirmed from NMR and mass spectra by comparison with former reports [6] .
Statistical analyses:
Data were analyzed for the detection of significant differences using Statcel 3 (The Publisher OMS Ltd., Saitama, Japan) software. Significant differences were detected by processing the data with analysis from one-way analysis of variance (ANOVA), followed by multiple comparison tests using Bonferroni/Dunn as an algorithm.
